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This invention relates to a. multiple lumen catheter and 
ra ore particularly to such a catheter for insertion into a vein 
of a patient to be used in heemodialysis treatments. The 
invention also relates to methods for manufacturing the multiple 

lumen catheter. 

Multiple lumen catheters have been available for many 
years for a variety of medical purposes. It is only in tecent 
years, however, that such catheters have been- developed for use 
in haemodialyeis. The general form of multiple lumen catheters 
goes bacK to as early as 1882 when Pfarre patented such a 
catheter in the United States under Serial Ho. 256,590. This 
patent teaches a flexible ■ dual lumen catheter .which is used 
primarily for cleaning and drainage of, for example, the 
hiadder, rectum, stomach and ear. In this type of 
catheterization, the catheter is introduced into an existing 
body orifice without the use of any puncturing needle or 

guidewire. 

More recently, a catheter was developed and patented by 
B me et al under U.S. Patent No. 3,63<.924. This 1972 patent 
teaches a double lumen cardiac balloon catheter which is 
introduced into a large vein and the balloons inflated to 
control the flow in the vein. The catheter can in fact be 
piaced by using the balloon as sail" to move with the blood 
into'or through the heart to a position where the catheter taKes 

, This patent usee two lumens and 

up ita intended function. Tnie pate. 

teaches a method of maKing a tip vhich involves the use of a 
plug and a wire which retains the shape of one of. the lumens 
during formation of the tip in * moulding technique. 

Further patents which, teach multiple lumen catheters 

- 1 - 
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8e incluae' -U. O.S. Patents, 

£o r general use incl ^ ^ f|M 
2,175,726, 2,8X9,71-8, 4,072,1«. 

and 4,180,0<8. surgical cotraown 

v»« been known to tne w 
techniques has been ^ t „ e , a . to tbe 17tb century. 

ye ars ana, in '^ introducti on 

However, it was only v approach couia be 

.„ 1953 or thereabouts that a nev app 
technique in 1953 Tnie technique was taught in 

use a to. i^xove vascular acces . _ pre8cnt .tion 

raa ae at the Congress ,952. The technique 

w i»<nki in June of i«'r 

Raaiology at Belsin ^ , " hollev „eeaie to *a*e •» 

essentially involves t ^ ^ ^ neeole 

initial puncture ana ^ ^ ^ ^ 

and positionea in the ves^ « ^ ^ whic , l8 later 

entered percutaneousiy ov 

catheter is. enterea P ^ f MM 

ti^fc this technique it . . . 

with arawn. Hith thi ... becone . thc BCC eptea -ethoa 

is haeroodialysie. . . . 

, aeVel ° Pment ' ^ can be aefinea as the; temporary re»oval ; 

. Haerooaiaiysis can. Mtr aetina ■ or 

A ,ro. a patient- for the purpose of extracting 
? inff theref,o B a»a the return of the cleans^ blooa 

se?aratln9 "Z- indicatea 10 P8t - e 

. to. the same, patient.. - _ , . c „., 

• • «. • or failure exists, «« *".» 

water) by the kidneys. 
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*. «n a repetitive basis. For 
be carried out on a re P .^ 

eaaaple, i» «nd stag . ^ £or Be aical reasons is 

Kidney* is not P-^» ^ ^ „ be dialyse a about ,100 
contra-indicated, the pa ^ ^ ^ ^ tbou8ana 

* 150 Tt»r^"«.-- : -«- - — uiysi8 

accesses to the ox. patient. : 

n mr the renaining i" e "* 
to be performed over th ^ ^ Sna iaon-and 

^ I' "it 1 Kcya! »ee Hospital in- London, 
coll eagues aeveioped, b8emoaialysi6 by percutaneous 

En9lana ' \ ^TZ "ood vesseis, specifically the femoral 
catb ete,i,atio» o £ deep ^ ^ an article 

artery and vein. ^ ^ a660ciatee in the October 14th. 

publ iehed by Dr. Shaldon _ ^ ^ ^ ^ ^ 

XM1 edition <> £ Th \ W 7 s gle 9 luBen catheters having: tapered 

■^-^--^^.i^ ^ ^. - . used in 
tips for entry o ^ ^ ^ ^ collc8gueB 

^odiaiysis. outle t meters in , he fe^orai 

began to insert both ^ ^ ^ Jonrnal „ 

vei » and. this J^ se ef ptovidlng beth lBl et and outlet 

^ l8th ' i ^e florl vein «a to e, P lore the 
. catheters in the f . aialysis. Dr. Shaldon . was 

' - tine was . made or a 

^,ac«.s^.U3S 5 . .nexa^eof 
ln serted by surgical c ^ vhich i6 

8UC h a catheter _ ^ AneriC a» Medical Association of 

aescribed in the Journal of 
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. 137 to 138. in this publication, a 

• . _ ^ j volume - Si no, aw# *« w 
, , 4« arid Transplantation, volu,uc r 

. . 1979 . ; subsequently ^ ^ .^^^ ^ ^ 

Anal lumen catheter 



: / 25 



1.6 



a la \y 8 i ^.S. Pate. no.i.lW * 
XdM. catheter for •»«-»"^ ^ acijieved SOJne co^ercia! 

Martin -bo produced a cat of tbe oidaU 

6 „cce 8 s. Tbe catheter avoidea 

str uct„re. deVelopBen t is shown in T».S. Patent: Ho. 

h " be ZLT*» * ~" — 

4f4S1 , 252 , l8 o t -t 

luIB e„ configuration » ^ The structore 

side-by-eiae separated » ^ fc0 

enter a Seiainger wir perc utaneously. 

„„ fae £ or inserting 
wlr e as , a gui* ^ ^ European 

• patent8 E aia„ ^ - - 

■ ^ tent ' 72 '^ n ' 8 nun o,er of probaeas associatea with 

the manufacture. ^ ^ ia . .^..^^ by a septus * 
. lte «-, 1 ae^.j^. ih(i the end or tip of tbe 
notable proble. Ha.« wlth a wire ,i» one lun-en by aeforming 
catheter h " : t0 .^,^: e ; towarde the center of tbe catbeter. 
. /the material fro* one. .. disp iaced sideways 

!,» tt. —!>■ ">« ,. flo , c«.r. A)... 

f-^'^J!**^ Z tip 1. ..«»« •»■'•>•«. « 

because the material form ng , . ^ asyiMne t ric 

fliers or- the i* ke ' lt . 

,„...«„, «"•' . „„,, lh .„ *u «..;*«**. 

effects again tending to 
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^ t , he tip in a concentric relationship with 

desirable to retain the tip m « 

lk :„ these disadvantages . have" become 
the axis of the catheter, these 

according to some of the 
noticeable in proaucts made accord! g 

aforementioned patents. _ . 

i8 t0 M found in O.S.. Patent «o. V «^ to Sommercor, * 

, ft EPoarate moulded tip which is 
. pat ent teaches the use * ^ nec , 668ry 

— ea r ot ii -i- - - - 

flow paths. However, ^ dl-aavM|tM . 

" — rrd' 1 the x— -o n-"-- 

that the tip mus je -er ^ ^ ^ ^ 

discontinuity in the flow P ^ 

bl ood must meet the end of th. i^r J ^ _ ^ 
through the insert which is of smaller 

15 lumen itself. „ mDles of haemodialysis catheters 

All of the above examples or n ^ 

i rted over a Seldinger wire suffer from the 

Which are inserted ^ lntraven0U8 

. aisadvantages that they can nov e ^ 

i„ jec tio„ of - ^ : ,l P cat ,eter will have to 

reC eive a needle * *■ ■ ^ ^ cathete 

- thie 18 "" function of haemodialysis, but also provide 

not only Perform the f uncUo ^ 

« that it will have minimal tendency to 
tip .o»the catheter so t.t ^ ^ ^ 

. deform after: moulding that 

metrical about the axis of the catheter. 



30 
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The foregoing proBl-W associated with haemodiaiysis 

- k« cr»pr4fic to that treatment, 
catheters may .in . sone instances be specific 

.„. of the present invention, in overcoming 
However, the catheter of tne pi 

, the Drior art of renal dialysis catheters, 
the disaavantages of the prior . 

proves a catheter which has utility in other procedures. 
Accordingly, although the present aescription is dir.cte^ to 

. , ■ # i6 exemplary and it will be evident that 
haeraodialysis, such use is exempt* 

*« the invention may be used for ; other 
catheters according to the invent 

procedures. 

I. one of its aspects the present invention provides a 
mU ltiple lu- catheter uprising a flexible elongate body 
sending about a longitudinal "is having a distal end with a 

extending between spaced points on the outer -11. ^ outer 
wall of the body, and the septum define first a n d ™«M~ 

. ' i n* the body to respective first 
extending from the proximal end of the y 

► »... outer wall of the body. A portion 
and second apertures in the outer wax 

of the septum defines a third lumen which extends along the 
lon gituainal axis of the body fro B the proximal end to the 
di8 tal end and terminates in a third aperture at the tapered P 

In another one if its aspects the present invention- 
provides: a Multiple . lumen . catheter comprising a flexible- 
elongate body extending about a longitudinal axis and having a 
. Lt w"b « tapered tip, a proximal end, an outer va , 
and a septum extending between spaced points of ™ ^ ^ 
T he outer wall of the body and the integral septum define 
Z second lumens extending from the proximal end of th. body 
t ,wara, the distal end, the outer wall . of -.ody- 
aeptum converging at the tapered tip to close off the first 

- 7 - 
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.*«"-" "* • „ * - » i " " r,t 

- * """1 V. '« - * — " iM " 

eat heter comprising a flexible elongate body 
"•'-itC^^-- and a portion of ,* 

s-sz^w^ -rt"::;:: 

Zs, the l-ns exuding frc the P ., iM I e„a to the i tal 
-I tin. a straight wire in the third lu„en to extend fron, 

ical tapered^ould having a centrally located aperture 

rtoul d such that the distal. en f ae £ or M - a tape red sh pe 

' ter wall of the body urging with, the septu, to close the 

outer wall aperture s in the outer wall 

.first and second lunens, and forcing P 
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These and other aspects of 

— «-•—:: rr:;,::t» 

Fig. 1 is « diagrammatic view ^ 
' > a preferred enbodiment of the present 
5 catheter according to a pref err 

tion inserted into the subclavian vein of a patient, 

- • * Perspective vie* of the 

i« vhan that ueed in Pig- 1* 

•~" < ""',„. . - «- •« """" " ■'* " i ""' m 

associated parte, , - after 

Pig. 12 is a sectional view 



10 



15 



.20 



pig. 

assembly; 



25 .13; 



' 3 0 f the distal end 

Fig. 13 i* * ^ew similar to Pig. .3 

Fig- 14 i* a sectional view 

Fig. 15 is, a sectional view of a further embodiment of 



-9 - 
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the catheter; 



Fi g, 17 is a sectional view « 
; of the Cth.ter usi» 9 a senate bonded tip. 

« will be described in detail with 
The invention »i» De 

t0 a preferred eminent to be :u 8 ed for 
" f ""I ^ How ver the drawing .end description are 
\ e " be ntion an, .unless otherwise stated, are not 

- - - ; ttl ple 1-n catheter, indicated generally by 

U1U6tI WaVL accordi« 8 to a preferred ofcodi^nt of the 
«.*■ ie£etenCe ' howing by way of example, a patient 

:lv^,f:^^ - ^» 8 ^ 

•• " : "--""-K fitting 23. having wing tabs 24, and the. 
• 52 bv an attachment fitting •«. . . . . . • ■ 

a conical tapered, tip .29 whicn 



1330285 

bele *. The other end of the body 2S "i. a generaXXy 
trident-shapea .inching connector 30, which proves *utwaxdly 
Uo» ana is secured by dressing 22. Cylindrical blood 
extraction and return tubes 32, 34 and an intravenous (I. V., 
tube 35 are attached to the trident-shaped branching connector 
30. e foXX description of which is provided beXow. Fo* the 
moment^ is sufficient to .«*, that these tubes are connected 
to lumens running, through the body 26. 

Pig 2 shows the catheter 20 in greater detaii. The 
U 2 « has atita Proximal end the connector 30 for receiving 
t h e blood extraction >na return tubes 32, 3.. These tubes 
terminate at their: outer, ends in respective femaXe luer fittings 
36 37 for connection to complementary maXe luer fittings (not 
^own, leading V, dialysis machine, and carry/closure cXamps 
3B <one of which i. shbwn, to selectively close the tubes. 

rh e l.V. tube 35 terminates at its outer end in a l»er 
XocK fitting 39 for receiving a syringe or »aXe lu.r locK 

connector.. ■■ "• 

Tne win g tabs 2*> sometimes Known as suture winge. are 

■ £ ormed integraXly. -with a -central tubular portion 40 Which can 

: Iot ate on the body ;2, and » retained in place b, a .houXder on 

; 30 and a second shoulder in. a 

the end- of the connector 30. an 

Mon 42 so that the catheter 20 can be rotated 
reinforcing portion. 42 so tna 

relative to the tabs 24. This rotation is . sometimes necessary- 
a.Ur insertion -of the catheter 20 to -orientate intake 
eoertures^ the distal end 2B if th, apertures happen ^ be 
iU- » engagement.^ the wall of. - vein,. Petails of 

the apertures are provided below. 

- IX - 
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A6 .ill be described, the reinforce portion 42 is 
k body 26 over , the length of the portion and 
blended into the body 26, . ^ 
assist* in strengthening the cathe . . 

Also the portion 42 assists in sealing 
of kinking. in« _ r 

where the catheter enters the patient, 
puncture site where th .. " .-^ wltD lefel ence to 

as will be described in «»» 

u « is aligned with a central lumen to 

■*. . * * * 

/ .vie «4ew) near 1 - the distal enu 
seen in this view) bloo a can be removed and : 



IUUCO -» • j ■ •' ».*» 

cn «nd a return lumen 52, 



10 



. 15 



20 
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o£ the x.v. tube a, -a is propo^a -this «■ 
ieC eive a 0.036 inch aia„eter ...Mi«i.« wire. _ 

The extraction 1«. 50 i, biocKea short ox the tip 29 
' , t « which is for»ea of polyuretbane ana bondea 

WMl ' ,tlM soavent.such as c^b-anone. 

in p laC e uain, a ^ ^ ^ ^ 

paction aperture. 4. ... P* ^ ^ 

cunaricax. portion *, ' the extraction 

bl0 oa to no. f ro» the patient ^ ^ ^ ^ 

44 — ieDtlS . hleo> £urthet extrac tion apertures *a y 
Biz e incline scaphoia ». . req(lirea con6i ste„t with the 
. be pro ,iaea aroona the lumen 50 as^, . 
aperture nearest the tip being a^ediately 

56 t o ^ini-ize aeaa space. y by a eecona 

The return lumen 52 is sum j 

. last of several return 

.... » • - - «*■»:■: 
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'seldinger wire. in this ^bodi^ent the tapered tip 29 is 
concentric with, the axis with the body 26 and of the lunen 54. 
Accordingly, 'the centrally located lumu 54 extends to the tip 
-29 and terminates at a circular I.V. aperture 64. 

Th e catheter 20 is *ade fro. a length of cylindrical 
polyurethane extrusion forcing the cylindrical body 26. The 
extrusion:* cut to the required length and the ends forced; by 
further operations. The formation of the tapered tip 29 yill be 

«<»env to Fig. 3, followed by a 
described with reference firstly to rig. 

aescription of the f oration of the connector 30. 

Before shaping the tapered tip 29,. the inserts 56, 60 
are positioned and affixed in the respective lu m ens 50, 52, as 
shown in rig. 3.' The inserts are shaped to the cross-section of 
the lumens and affixed as previously described. A cylindrical 
Wire 66 (shown in chain dotted outline in Fig. 3), of 
corresponding dialer to that of the guide wire 21 .Pig. 2), is 
inserted through the I.V. lumen 54 to extend fro* the distal end 
of the tubing which is then located in a conical tapered mould 
68 (shown in chain-dotted outline,. The extrusion is heated by 
j, p ana as it softens it is pushed into the mould such that the 
0 ; t ; r wall- 46 and the septus 48 .merge at the tip 29. The end of 
tbe body assumes a conical tapered shape with a radiused end and 
the material basses in the lumens- 50, 52 f orming ends 70, 72. 
TbeI .V.lunen 54 retains its internal shape because it is 
supported on the wire 66. The now tapered tip is cooled to see 
extent 



14 - 



0 
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: ■ 68 and allowed to cool further 

ana then removed frc the n,ould 68 and 

and harden. _ results in a thickening of 

Tbe def ormatioh of th P co „ centrati on pf 

tbe outer waU « and se P turn fcl- of naterl al 

Serial substantially —d-g _ of the; 

in . the main catheter body, and this 

catheter. fi6 i6 not deflected at any time fro» 

Because the wvre 6 - 
it8 ^ straight condit o, . ^ ^ ther . e i8 

there 16 no ener9 i h i - - ^ 

. - tendency for th wir ^ ^ 

ori entation after removal ^ ^ 

cooling. - aperies , .. . ^ ^ ^ ^ ^ 
in the outer vail t tne vlre , the deformed material 

extrusion is symmetrical a ou ^ ^ 

at the ti P wUl move evenly to . ^ ^ 

septuB . Resulting ^^^^^^..^ 

1UB ens will W ^ 8brink i e o q ; a ^ lunen 94 .- T bis will result 
. con centric about the central or I.V. 

ln a well formed «pered tip. tri dent-shaped 

► i.„fl of manufacture of the 
Th e method of portion « will next be 

^0 and reiniorcmy r 
branching connector ? t<> : 12 The figures: are 

scribed with reference rtfi.^ ^ ^ >nd lt 

arranged in order of th ^ ^ ^ „ ba8 tecei ved a 
will be seen in ^ ^ preferaW y the same colour 
8b ort sleeve 71 of po^ ^ ^ ^ 

a8 that used for the body _ ^ ^ 

cvXindr^cal body 26 and after P 
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assembly^* moved into a heated mould 73 which has a 
frustro-cpnical interior wall 75 designed to deform the sleeve 
71 to create the blended reinforcing portion 42 shown in Fig. 
2. If preferred, suitable shaped mandrels . can be placed inside 
the lumens of the body 26 to ensure that these lumens are not 
deformed while the collar is shaped in the mould 73. The sleeve 
71 is' heated and the body pushed into the heated mould 73 so 
that material flows to the desired shape. 

The upper edge of the sleeve 71 (as drawn) forms a 
shoulder and is positioned for engagement with the attachment, 
fitting 23 shown in. Fig. 2 to locate this fitting longitudinally 
on the body. 

After completing the process illustrated in Fig. 7, the 
fitting 23 is slipped over the end of the body 26 and into 
engagement with, the sleeve 71. The fitting is a loose fit so 
that it . can rotate freely on the body 26. The positioning can 
be seen in Fig. 8 . which also shows the completed reinforcing 
portion 42 and how it blends into the body 26. 

Next another sleeve 74 is engaged over the end of the 
tube 26 and, if the first sleeve has been positioned correctly, 
the sleeve 74 will be Positioned so that its trailing end. 
becomes: 'flush with the end of the body 26 as shown in rig. 9. 
the sleeve 74 should not be puphed tightly, against the 
attachment fitting 23 in order to provide clearance of free 
movement of the fitting.. Kith the sleeve In position, a set of 
deforcing mandrels are brought into play as seen in Fig- 9. 
There are tnree mandrels, one for each of the lumens. The two 
outer mandrels 7:6, . 78 are mirror images of one another and 
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positionea .bout a centra! .--..I-.... *» ^ ' 

is to «... t» correspond to have conic. 

out „ portions for receiving .*.»* ends of tne tones 32. 3« an- 
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35 (Fl. 2) as will be described with reference to Fig- 12. 

, « " 78 have respective leading ends 82, • « 
The mandrels 76, " have if 

• B io.Dly to provide location as they enter 
which are proportioned simply f 

,- *ns 50 52 and similarly, leading portion 8C 
corresponding lumens 50/ a/ °» w 

/el 80 is proportioned to e„ ga9 e the central M 
on the mandrel 80 is P P ^ ^ 

54 The leading portions 82, 84 

, . 88 90 and 92 which are arranged to complement 
conical portions 88, 90 ana s , ece ive 
-that the cones will flair outwardly to. receive 
one another so. that, tne co 

, take place simply because 

of heat Pro insufficient to support 

supports the extrusion which is its 

else is increased. 
thie deformation as the sU ^ ^ ^ 

it will be seen in Fig- ± v > 
V th e sleeve and contained portion of the extrusion, are 

in Pig. 11. :■ . . ^ ^ • „ vnicn shows the 

Reference is next m« 
ent of the tubes 32, 34 and 35 in the connector 30. 
en9a9e :Tesle thai, engagement ends deformed to thin the wall 
s - by conical deformations so that the o-.e, 
• the tubes ; are slightly conical to engage the 

: *~ Lg teL cones 94>° « and. 98 shown in Pig. U «- 
corresponding intern 

formed by, the use of the- mandrels. U win 
tnat.the result in ■ assembly is compact, and provid ^ 
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relatively smooth interna! surface to minimise the risk of blood 
aamage caused by turbulence as blooa flows through 
associated lumens 32, 3. and 50, 52. BUi^lf. the -be 35 is 
eng aged sothat t b ere is no interference with the Seldinger wire 
which will slide freely through this tube ana lumen 54. 

Ih e tubes are attachea in the connector 30 using a 

, n.r fashion to the attachment of the 
suitable solvent in a similar fashion to 

pl ugs 56, 60 described with reference to Fig. 3. 

It ls of course possible to make the assembly starting 

wlt h the trident shaped, structure and then add the fitting 23 

£r om the distal end. of the body/before ending by adding end 

forming sleeve 71. 

In use, as mentioned above, the catheter 20 is inserted 

such that it points downstream in the patient's vein, that is, 

th e enaction aperture .4. are upstream of the: return apertures 

which, in turn, are . upstream of the Z.V. tip aperture 64. 

treatment is in progress ^extraction tubes 32, .34 are 

connected to a dialysis machine- which draws, blood through^ the 

extraction lumen. 50 and returns it through return lumen 5 2 in a 

8i „ilar manner to a conventional dual lumen cannula. Between 

. M . be filled with a heparin 
blood treatments the lu^ne may be 

.solution to preveht them from being filled with clotted bloo 
However, if the patient reguires medication or is reguired o 
give blood between treatments. . the !.V. lumen 54 may be used. 
b is avoids the trauma and . iscomfo,t of the 

n ,eaie or catheter into the patient ana aoes not disturb, the 

. bepatin ' 
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' all volume of heparin or may be occupied by 

relat ive ly -P." ^ ^ obturatorf 8iBllar te 

gui ae..ire *1. ^ e6 ^ neefl M hepar in in the 

lnto the lumen ana td keep the third 

V . of clotted blood, it should be possible , to use a 
lumen free of clotte _ ^ 

k „ r^olace b catheter which has ciocteu 
g uidewi,e to replace ■ ■ , - ± nay have 

tiooa T:r^r:.^, W o U ia>e 

^Trl e d" 9 wire in to the third, lumen of the catheter 

ente ; e t veL, withdrawin, this catheter over , the 
ln place in the , . ^ ^ ^ 

Xeaving the wire in place, and then 

k ^.hheter over the guide wire. 

t ice if the cathemisto.be used in the subclavian, 

and in Practice, if th . cent ral - lumen 
„,„ , t will have proportions as ioax 

vein it recelve s ^ rdinger 
in h»ve a diameter of about 



- 19 - 



1336285 

,. ~ W — °"" 

«*.■...»■..-. * ~ — a '-'" °' " 

. this will give an area available for 

26 will be 0.149. inches and this wiaa y ^ 

0 flow in *. o f about ,0« -es - o. 

rate will be .ppro^ately 237 .iUUit.es per 

M to driv e the blood through the lumens, 
accepted pressures to fl"« ... 
6CC ' P V h „ m ade With e variety of 

Clearly catheters can be made Witn 

nn the use and structures defined by the 
proportions depending upon the use ana ^ 

- he description are within the scope of 
claims and incorporting the descriP" 

the invention. ^ _ oade in „ 

The tip structure shown in Fig. «n 

heI of ways. A» alternative is shown in Figs. : !3 *»* J f • 
^^n"- reference numerals used in relation to 
ID correspond to those used above prefixed with the 
these nguies ■ ■ „ *4 D 179 of a catheter has 

. ral l The distal end- 128 and tip 129 ox 

appearance similar *w 
the shape shown in Fig. 13. 
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Tbe catheters iUo.trated and ascribed , above feat 0 re 
septu-s having a bulbous middle portion to accommodate the !.V. 
lumen. However, the catheter of the invention is hot limited to 
this particular cross-section and Fig. 15 shows an alternative 

, cross-section. For ease <* reference the numerals used in 
relation to this figure correspond to those used to describe the 
preferred eminent prefixed with the numeral 2. The catheter 
iUustrated has a septum 248 with planar sides such that the 
extraction and return lumens 250, 252 have a shaped 

l0 cross-section. This thicKer septum 248 requires the use of more 
material to for,, the catheter and also reduces the ratio between 

( .„ Ml i rea o£ the extraction and return lumens and 
the cross-sectional area oi 

the cross-sectional area of the catheter. However there may be 
. U ses above where this cross-section is advantageous,, for 
u instance where the outer ; diameter of the catheter bod, is less 

critical then it is «hen used in a vein for haemodialysis. 

Reference is now made to Fig. 1« to describe a moulded 
■ plug of p<,lyurethan M or use in maKing. tips. This- plug has end 
pieces 200,202 shaped to fit snugly i» the lumens 50, 52 (Fig. 
— 3,. The end pieces are attached- to respective spacers 204,206 

.■■ :.u ab 208 at respective weakened joints 
which depend from a hub 208 . f 

V 2 10,212, The hubhas * central opening 214 matching the third 
Wn 54 so that the wire used in moulding can be used to Ibcate 

the hub centrally. ,,«.'"•.«■ 
The procedure, when using the plug of Fig. 16,.is to 
£it et bend the spacers 204.206 about the joints 210,212 so that 
the end pieces 200,2,2 come together. for insertion in the end of 
the e,truded body 26.. The pieces are pushed home with solvent 
Until the hub 208 meets the end of : the.body. The pieces 200,202 
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will then automatically the required positions control 

by the lengths of the spacers 204,206. Mousing then proceed, 
as before so that the hub and adjacent parts of the spacers will 
become integral portions of the tip. A father embodiment is 
shown in Fig. 17. This structure induces a aeparate moulded 
tip 216 preferably of po.lyur ethane, which is engaged in and 
b0 „ded to the end the extrusion. The tip. 216 has . an outer 
conical form and defines a central opening 218 foxing « 
continuation of the third lumen 220. A pair, of extensions 222, 
22 4 are shaped to fit in the respective lumens- 226, 228 and have 
lengths to match the positions of the apertures 230, 232 in the 
side wall , of the lumens. The ends of the extensions are 
preferably shaped to meet the apertures and con.plen.ent the 
natural flow patterns so that dead spaces will be minimized if 

not eliminated. 

The structure shown in Fig. 17 can also be partly 
forced by heating in a mould to blend the Joint between the tip 

This technique can also be used to part form 
and . the extrusion. This 

the assembly to improve the tip. if necessary. 

' • T he method of' shaping the end is described as utilising 
r adio frequency heating devices to soften the plastic material.. 
This is- intended -to be illustrative of a softening technic 
and other techniques, for example, the use of electrical heating 
elements, are equally effective. 

" it will appreciated that various other modifications 
Bay be made to the catheter, and to the processes for making 
parts of the catheter.as described, without departing from the 
scope of the invention. For example, the material used to form 
the tube and inserts may. be any suitable medical -grade 
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Also the positioning of the apertures and the 
Uer.opaastic ^' "^ — . natter of cholce . Mi 

n of the tip. While such a structure is .ore 
in the wall of cue 

V6 th e flow pattern would be advantageous. 

r. i - ■» — im t:t 

K lno fl related treatments involving 
naemoperfuaion ,. and non-blood relat 

nutrition and drug therapiee. 
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giiPPLEHSNTJU 'V DISCLOSORB 

, to Figs. 18 and 19 which illustrates 

Reference is *>ade t0 Figs> „ 
* »,,rin<i the tip. Kumexals corresponding 
a third method of rcanuf acturing the tip. . 

to those used in 3 of -i- ™ "T^ 

Withthe II e ";" H 9 . as, . lW ~ 

pi *. .00 shaped - fit roughly on the end of the body and 
g a paction <02 of the shape needed as a continuation o 
Lt»l aperture or third lumen. - parts are located 
Hve to one another by a central rod <0, within two ha ves 
< 0 . of a heated d y e shaped to correspond to the « 
in ,1. 3 This shape can of course be modified to 
shown in 3. . upop the desired 

provide varying ends on the catnet 

configuration. ^ second ..andrale 410. 

The body 326 receives first 

-j>;n 352 and positioned so 
w a ► „ fit within the lumens 350, 
Z:^Z ^ under the influence - the heat will 

lith 1 ends of the mandrels in a fashion corresponding 
engage with he end _ „ m bc 

" ? 6 " leri 'l rCthe distal end of the catheter to the 
ends of the. mandrels .410, 

3 but without the spacing between the plugs 56, 

en a of the catheter. roa terial of the body 

under the influence of heat, ^ 

will flow and be shaped by the closing, dye 
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tbe iumens 3S0, 352 of a ^ 

influence of heat. However with some care in design, it is 

, fh. tiD without the use of these plugs, 
possible to complete the tip witn 

u m , n pia 18 has the advantage that 
The structure shown in Pig. ±* . . 

tbe pension <00 can be o f any duro^er habeas required 
distant of course with t h e material matching that* the bo y 

n. it is possible to create a. distal end on tbe 

326. Consequently it is poeei - 

» characteristics from the main body. The 

tip having different characteristic ' ' 

can be quite soft so that when it is 
very end of the catheter can De qui . 

■^ ma i strength ana therefore reduce the 
inserted, it will. have minimal strengtn 

... „=n of tbe vein after insertion. Such a 
risk of damage to .the wall of the 

tip roa y well make it possible to leave the catheter in plac, o 
lon9 er periods than would be possible with a tip havin, a stiff 

Cnd# to Pia'; 19 which illustrates a 

Reference is now made to Fig. 

x n« using the method of Pig. 1*. As 

further embodiment of tip made using 

^i— . ...» — — - -.««•-. 

u. .»=-. » "* """"" " '• 

. .„ „> In thiB embodiment, to 
blends smoothly into the body 326. in 

\ <al to block the lumens 350, 352, plugs 
provide , sufficient .material to block ^ 

„■-■« - — — "* "! r 
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characteristics."- the body, notably it can be made of soft 
material .blob win have very little effect on the inner vail 
surface of the vein. Similarly, the strength at tb. shoulder 
can be changed by using, inserts- of soft material or : even 
Providing plugs -tber than inserts in tbe manner described with 

reference to Fig. 3. 

Structures such as shown as Figs. 3, 13, and 19 are 
exemplary of tips which are taperea. Some are f rustro-conica! 
wb ereas others tena to have a shouader such as that shown in 
Pig. rt. However, functionally they are all tapered since they 
will diaate tissue as they are moved along a Seldinger wire into 
position in a patient. For this reason, in ^terminology of 
this application, the word -tapered- is intended to include any 
structure at «, end which is capable of such dilation to 
facilitate engagement over a seldinger wire. 

It will be appreciated that various other modifications 
nay be made to the catheter, and to the processes for making 
parte of the catheter as described, without departing fro. the 
scope of the invention, for example, the material used to for. 

, ... M v be any suitable medical grade 
the tube and inserts may be y 

thermoplastic.' . Also, the positioning of the apertu.es and e 
number 6f apertures is to — extent a matter of choice. leo. 
the length of the conical tip can be varied to include apertures 
in the- well of. the tip. While such a structure 
complicated to maKe, the flow pattern would be advantageous. _ 
Mthougb methods of maKing catheters has been described 
• in U8 e in haemodialysis in a. subclavian vein it would also be 



. 26 - 



-A. 



1330285 

veins, and can also be used in other blood treatnents including 
apheresis, haemoperfusion and non-blood related treatments 
involving nutrition and drug therapies. 
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TEE EMBODIMENTS OP THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY 
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. a multiple lumen catheter comprising: : 

a flexible elongate body extending about a longitudinal 
axis and having a aistal end with a tapered tip, a proximal end. 
an outer wall, and a septum extending between spaced points on 

the outer walli 

the outer wall of the body and the septum defining 
first . and second- lumens extending from the proximal end to the 
tapered tip where the- outer wall and the septum, converge to 
close off the. lumens, the outer wall further defining, respective 
first and second apertures for fluid communication between the 
first and second lume;ns and the body exterior; and 

a portion of the septum defining a third lumen 
extending centrally along the body from the proximal end to the 
distal end and terminating at the distal end of the tapered tip 
in a third aperture. . 

2. A multiple lumen catheter as claimed in claim 1. in 

which the flexible elongate body is cylindrical. • . 



3. 



• A multiple lumen catheter as claimed in claim 2 in 
which the septum; extends between two diametrically opposed 
points on the outer wall of the body . 

4 . . . A multiple lumen catheter as claimed in- claim 1 in 
which the tapered tip is conical. 
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5. a multiple lumen catheter as claimed In clain 1 in 

which the tapered tip includes a concentration of material.. 

6.. A multiple lumen catheter as claimed in claim 1 in 

which the flexible elongate body is formed as an extrusion." 

7. .. a multiple lumen, catheter as claimed in clain 1 in 

which the flexible elongate body has a smooth external surface. 



A multiple^, lumen catheter as claimed, in claim 1 in 
which "the first: ^n* >econ<) .iumens are. blocked short of , the 
distal end by. inserts aff ixed in the lumens. . • 

s . ' ' ' A -. multiple . lunien catheter as claimed in claim 8 in 
which the .insets combine with the convergence of. the outer wall 
and/thej septum to fill" the spaces between the apertures and th* 
distal end of the catheter.-. 

1 W ' . mul tlple : 1 umen v ca the ter ; as . claimed in claim. 8, iJ> 
iicb- t^firstVlumen; is-blocKed- further from the distal /end ; 
than the. second-' lumen. •- p . 

'lU ] 'V muitip'ie' > ;iuien ; «theter - as claimed in " claim' V *i» 
whichthe fimandsecpndj-apertures have scaphoid maigins. ■. : ■■. ;. 

12 ; ; '. A moitiple.:, lumen- c atbet er . as claimed in claim. 1 in 
which the-^irst^pertur*;^ located further from th^ distal end 
than the. seconfl aperture...; 
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„■ A multiple Xumen catheter as claimed in dad. 1 in 

which a plurality of first apertures are previa for fluid 
communication between the first, lumen and the exterior of the 
body. 
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A ■ multiple Xumen catheter as claimed in claim -X in 
which the second aperture is aocated adjacent the tapered tip. 

A multiple lumen catheter as claimed in claim 1 in 
which a plurality of . second apertures are provided tor nuid 
co^onicatipn hetveeh. the second lumen and the exterior of the 
body, 

16 . A multipXe lumen catheter as claimed in claim X in 

which the third aperture has a circular margin. 

17 a multiple lumen catheter as claimed in. clai. X in 
which the first and second lumens are substantia^ simiXar in 

i «ea and the third Xumen has a Xeeser 
cross-sectionai area ano 

. crose-sectionai area. 

18 : ; a muXtipXe lumen catheter as claimed in cX.im- 1 > 
Which the septu^has- a buXhous middXe. portion to accomodate the 
third lumen, , 

jj '' a muXtipie Xumen catheter as claimed in clai. 1 in 
: which the septum bas >*. side portions and the first and 
second lumens have D-shaped cross-sections. 
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20 A multiple lumen catheter as claimed, in claim. 1 i. 

which the body at its proximal end in a generally 

trident-shaped connector. 
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A multiple lumen catheter as claimed in claim 20 in 
which the proximal ends- of the first and second lumens -re 
flar ed outwardly .and terminate in respective first and secon, 
circular apertures. 

a' multiple lumen catheter as claimed in claim 20 in 
w^cb a reinforcing sleeve is located around the proximal end of 



22. 
whi 
the body. 

23. 



A multiple lumen catheter as claimed in claim 20,1. 
wh ; c h the. Proximal ends of the first, second and third lumens 
^coupled to respective first,, second and third tubes, he 
walls accent the ends of the first and second -be* inserted 

i«« first and second lumens being tapered to 
into the respective first ano ^ 

p r ovide minimal Wall thinness to the ends of the tubes so^ t 

the interior of at le.st the first and second tubes and the 

. * lumens form a substantially smooth surface. • . 

first and second lumens 

aB claimed in claim .1 in 
24 a multiple lumen catheter as claims. 

■ • k oximal end of the body is provided with first and. 
which the proximal eno « . .^v.^-Mv 

'„ Mnns a collar carrying wing tabs being rotatably. 

second portions* . a ce**»* 

located between the retaining portions. 

25 . a multiple lumen catheter as claimed in claim 24. In 
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which each of the retaining portions i« formed of a collar 
bonded to the body. 

26. A multiple lumen catheter as claimed in claim 25 in 
which the distal end of the collar nearest the distal end of the 
body has a tapered distal end and merges with the body. 

27. a cathete'r comprising a "«i"e elongate body 
emending about a longitudinal axis and having a distal end with 
a tapered tip, and a proximal end, the body defining three 
lumens extending from.- the proximal end to respective apertures 
in the body, two of the lumens having similar shapes in 
cross-section and terminating in apertures in the side of the 
body and the third lumen extending centrally along the axis, of 
the body between the other lumens along the length of the body 
and ending at the tip. the third lumen being smaller in 
cross-section then the other two. lumens and proportioned to 
elidably receive a Seldinger wire for insertion. 

28 • * method of manufacturing a multiple lumen catheter 
with a tapered tip and an end aperture concentric with the main: 
catheter body comprising the steps of: 

providing a flexible elongate body extending about- a 
iongitudinal axis having a distal end, a proximal end, an outer 
wall, a septum extending between spaced points on the outer wail 
to define first and second lumens,, and a portion Of the septum 
defining a third lumen extending along the longitudinal axle, 
the lumens extending from- the proximal end to the dista! end, 
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inserting a straight 1 wire in the third lumen to extend 
xi ob the distal end of the body, 

inserting the distal end of the body in * tapering 
: ra0 uld having. a centrally located aperture to receive the wire, 

softening the distal end of the body in the mould such 
that the distal end deform to a tapered shape, the outer wall 
of the body merging with the septus to close the .first and 

second lumens; and 

forming, openings in the- outer wall communicating with 

the first and second lumens adjacent the distal end. 

29 a method of manufacturing a. multiple, lumen catheter as 

claimed in claim 28 in which inserts are affixed in the first 
and second lumens, between the openings in the outer wall and 
the distal end and immediately adjacent the respective openings. 

30 . * . A B ethod of manufacturing a catheter as claimed in. 
claim 28 and further comprising the steps of: 

providing a first cylindrical sleeve and positioning 

the sleeve on the outer Wall adjacent the proximal end of the 

outer wall; . 

positioning a collar having wing tabs extending 

therefrom over the proximal end of. the body and locating said 
second collar at the proximal end of said first collar, , . 

providing a second cylindrical sleeve and positioning 
thi8 sleeve on the proximal end of the outer wall so that, the 
; proximal end of . this, sleeve and the proximal " end of the body are : 
substantially flwh, 
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providing three mandrels having substantially conical 
ends adapted to lit into the respective lumens of the catheter, 

heating the mandrels to predetermined temperature, 

inserting the mandrels into the lumens- for a period, 
sufficient to deform the end, of the lumens together with the 
second sleeve into conical portions so that the end 6f the 
catheter becomes substantially trident-shaped, and 

removing the. mandrels after predetermined cooling 
period so that the trident-shape is permanent. 

31 A catheter -for use in hemodialysis, comprising.: 

a smooth ■ elongate flexible body of , cylindrical shape 
and having proximal, and distal ends, the body having an outer 
wall and a septum extending between diametrically spaced points 
on the outer wall to define first and second blood flow lumens 
and defining centrally within the septum 

about the axis of the body, 

a tip at the. distal end of the body blending smoothly, 
into the body and converging towards the distal end of the. 
catheter and defining .at this end an aperture at the end of - the 

circular luaen). .'; . , • ... y 

access means attached to the proximal end; of the body. 

providing access to the lumens, and : 

one of the bidy and tip defining first apertures 

adiacent the distal end and defining second apertures through 
■ the side van'spaced; toward the proximal ,nd fro. the; first. 
' apertures and communicating with o,e of 'the blood flow, lumens. ... 
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32. A catheter as claimed: in claim 31 and further including 
rotatable attachment means adjacent said .access roeans and 
including wings for securing the catheter in place. 

33. A catheter as claimed inclaim 31 in which the blood 
lumens are sealed immediately adjacent the respective apertures 
at the distal extremity of the apertures. 

34. A catheter as claimed in claim 31 in which the tip is a 
separate piece attached- to the body and having pro jections 
engaged in the blood lumens to the extent of the distal 
extremities of the . respective apertures in the, blood lumens. 

35. A catheter for use with a Seldinger wire for 
percutaneous insertiSi, the catheter comprising: 

a smooth elongate body having a central lumen 
proportioned to receive a selected Seldinger wire and a 
plurality. Qf other . lumens contained within the body about the. 

central lumen, and 

the body defining a tapered tip at the distal end of 
the body, the tip terminating at the end of the central lumen , 
and the other lumens terminating short of the end of the central 
lumen, and the body defining side openings providing 
communication with the . other lumens and access means at the : 
proximal end coupled to the body for, communicating with the 
lumen*. 



. A catheter as claimed in claim 35 .in which the tip is 
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*b«d adjacent the aistal end fro. a soft materia! to finite 
th e possibility of a 8ra a 9 e to the vein d«ri» 9 « 
residence in the vein. 
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37. . A triple lumen catheter for use in treatment of humans by inserting the 

„th«ur Into . blood vessel over . Seldinger guide wire, and using thecatbeter to extnc, 
blood at a selected location in the blood vessel and to return treated blood downstream of 
,he location after treatment, the catheter comprising: . " 

n dongate body extending about a longitudinal axis from a proximd end 

to a distal end; 

a tip at the distal end of the body; 

the body having an outer wall and an integral internal septum combining 
w hh the out* wall to define a pair of similar Oshaped lumens extending longitudinal* 
,he outer wall of the body defining at leas, one intake aperture and « least 

the return aperture, and the return aperture being nearer the tip than is the intake lumen 
^cient to linut the likelihood that W blood leaving the return aperture wi? be 

inspired into the intake aperture; 

one of the Oshaped lumens terminating at the intake aperture to form «. 
intake lumen, and the *her of the Craped lumens terminating at the return apemareto 

form a return lumen; 

the septum defining a third lumen smaDer than the Craped lumen, and 

^portioned to slidably. receive the guide wire during insertion »d to provide a p«h for 

teamen* after insenion. the third rumen terminating a, the longitudinal extremity of 

the tip so that the third lumen is as long as the catheter, 

. connector attached to said proximal end of the body, 

. pair of tubes attached to the connector and coupkd by the connector, to 

therespecuv.C^aped-n^ 

blood to the return lumen; and . 
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a third smaller tube attached to the connector and coupled by tie connector 
to the third lumen ,o receive the guide wire during insertion and to provide access for 
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